The objective of this study was to evaluate the inclusion of increasing levels of citrus pulp in horse diets by investigating nutrient digestibility and the diet carbohydrate fractions, as well as to evaluate the correlation observed between the studied digestibility coefficients. Five adult horses were used. The horses were housed in individual stalls and had approximate ages of 3.5 years and live weights of 492.5 ± 44.5 kg. The experimental diets were formulated to meet the animals' requirements for maintenance, establishing a roughage-to-concentrate ratio of 60:40 with the coast-cross hay as the roughage. The formulated concentrates contained increasing inclusion levels of citrus pulp (0%, 7%, 14%, 21%, and 28%). No effect of the diets was observed (p > 0.05) on the coefficients of digestibility of dry matter, organic matter, crude protein, ether extract, nitrogen-free extract, and non-fibrous carbohydrates; however, there was an effect (p < 0.05) on the soluble carbohydrates, y = 66.298 + 0.3724x. Citrus pulp may be used in horse diets at up to 28% concentrate. Citrus pulp is a safe energy source and benefits the digestibility of the nutrients and the carbohydrate fraction (both the fibrous and non-fibrous fractions) of the diet.
Introduction
Horses are capable of using large amounts of roughage to meet their nutritional requirements; however, to maximize growth and productivity, diets with high percentages of grain are used [1] . To meet the requirements of several types of horses, alternative ingredients in the composition of the diets have been sought.
Among the various nutrients, carbohydrates are the main source of energy for horses [2] , and they may be grouped into fibrous carbohydrates and non-fibrous carbohydrates, which include starch, mono-, di-, and oligosaccharides, fructosans, pectins, galactans, and β-glucans [3] . The following nutrients compose the soluble carbohydrates: oligosaccharides, fructosans, and a portion of starch [4] . Meanwhile, hydrolyzable carbohydrates differ from the soluble carbohydrates due to the exclusion of fructosans [5] . The inclusion of easy fermentable carbohydrate reduces the level of starch in the diet without compromising the caloric density of the feed [6] . One of the ingredients that have been used as a source of fiber and energy for horses is citrus pulp, a by-product of the orange juice industry that is readily available and economically viable [7] .
No study is available regarding the fractionation of the carbohydrates in the diets containing citrus pulp for horses. The fractionation of carbohydrates for horses was proposed by [8] and was initially studied in Brazil by [5] , who determined the digestion of carbohydrates of roughage foods for horses.
The objective of the present study is to evaluate the viability of the inclusion of increasing levels of citrus pulp in diets for horses through trials examining the digestibility of nutrients and the carbohydrate fractions of the diet, as well as to evaluate the correlation observed among the studied coefficients of digestibility.
Material and Methods

Experimental Design
The experiment was conducted in the Horse Breeding Sector of the Coordinating Committee of the Pirassununga Campus from February to May of 2010. Five crossbred horses were used with approximate ages of 3.5 years and live weights of 492.5 ± 44.5 kg; the horses were housed in individual stalls.
The animals were dewormed at the beginning of the experiment and had an adaption period to the diet of 7 days followed by 3 days of total collection of feces and 4 days of rest between periods. The horses were individually exercised daily for 15 minutes at a walk and light trot.
The experimental diets were formulated to meet the animals' maintenance needs as described by the Nutrient Research Council [2] . The ratio of roughage-to-concentrate was 60:40 with coast-cross hay being the roughage used. The experimental concentrates were formulated with the inclusion of increasing levels of citrus pulp as described in Table 1 .
The animals were fed twice a day, providing 1/3 of the hay during the day and 2/3 in the afternoon. The concentrate was also fractioned into 2 daily meals, provided at 07:00 am and 05:00 pm. There was no leftover food, suggesting that the concentrate was well accepted by the animals.
During the collection period, the bedding was removed from the stalls, and the feces were collected from the floor on 3 consecutive days and were later weighed and homogenized at the end of each day, from which a 15% aliquot was obtained and stored in a freezer (−10˚C) for subsequent analysis. At the end of each experimental period, one composite sample was produced per treatment.
Analysis
At the end of each experimental period, the feces were thawed at room temperature and homogenized, and composite samples were produced, which were placed in aluminum containers and pre-dried in a forced-ventilation oven at 55˚C for 72 hours. Subsequently, these samples were ground in a Wiley-type mill and stored in labeled plastic jars.
The analysis to determine the amounts of dry matter (DM), ash, ether extract (EE), and crude protein (CP), were performed according to the methodology described by Association of Official Analytical Chemistry [9] . The analysis of NDF and ADF were performed as per [10] . The bromatological analysis was performed at the Bromatology Laboratory of the Department of Animal Science at FZEA (Faculdade de Zootecnia e Engenharia de Alimentos/Faculty of Animal Science and Food Engineering)-USP (Universidade de São Paulo/University of São Paulo) and the calcium and phosphorus analysis was performed at the Mineral Laboratory of the Department of Animal Science at FZEA-USP ( Table 1) . Table 2 shows the chemical composition and the carbohydrate fractions of the concentrates and the experimental diets.
The soluble carbohydrates (amylose, monosaccharides, and disaccharides) were measured according to the chemical determination of [10] described by [4] . The non-fibrous carbohydrate (NFC) content was estimated by the subtraction of 100% of dry matter from the percentages of CP, EE, MM, and NDF as described in the formula below and cited by [11] : %NFC = 100% of the DM-(%CP + %EE + %MM + %NDF). The coefficients of digestibility were calculated for DM, CP, OM, NDF, ADF, hemicellulose, soluble carbohydrates, and non-fibrous carbohydrates.
To estimate the digestible energy of the experimental concentrates, the equation suggested by [12] was used as follows:
DE (kcal/kg) = (−3.6 + 0.211 × CP + 0.421 × EE + 0.015 × CF + 0.189 × NFE)/0.00419. The experimental design used was a 5 × 5 Latin Square (LS). Each experimental period lasted 14 days, with 7 days of adaptation to the diet, 3 days of total collection of feces, and at the end of this period, 4 days of rest.
To analyze the results, a mixed linear model was used, considering the fixed effect of the citrus pulp inclusion levels (0%, 7%, 14%, 21%, and 28%) and period, in addition to the random effect of animals within the LS and the residual (SAS Inst. Inc., Cary, NC). In the case of a significant effect for the inclusion level, a regression analysis was performed to analyze the digestibility of the nutrients as a function of the inclusion levels. Associations between the digestibility coefficients of the nutrients in the diet were examined using a Pearson's correlation analysis.
Results and Discussion
The digestibility coefficients of the nutrients of the experimental diets observed in the present study may be considered to be satisfactory and are similar to those found in the literature for horse diets. In general, the digestibility coefficients of nutrients observed in this trial were higher than those found in previous studies using citrus pulp in diets for horses [13] [14] .
Considering the apparent digestibility coefficients of the DM (ADCDM), it was observed that the coefficients obtained in the present study, 58% for 7% of citrus pulp inclusion and 59.97% for 14% of inclusion, are greater than those observed by [7] , in which concentrates with the inclusion of 7.5% and 15% citrus pulp were provided, and ADCDM values of 68.7% and 67.5% were observed, respectively. In another study which it was provided 20% citrus pulp as a substitute for coast-cross hay, observed an ADCDM of 80.22% [14] .
When provided coast-cross hay, soybean meal, and synthetic pectin obtained ADCDM of 49.20% [15] . These values were similar to those observed by [16] substituting 100% of the Tifton 85 hay with soybean hulls (ADCDM 82.77%) and evaluating the in situ digestibility of the forage peanut (ADCDM 83.7%) and the lime-yellow pea (ADCDM 82.9%) [5] . It can be considered that the ADCDM observed in the present study is a high value, as described by [16] , who observed a variation in the ADCDM of 58.2% and 86.5% for diets composed of roughage and concentrate.
No was observed effect (p > 0.05) on the crude protein digestibility (ADCCP). The observed values ADCCP were lower than those reported by [7] (78.6%, 74.08%) [16] and were similar to [13] [14] [17] (66.25%, 67.7% and 57.5%).
A quadratic effect of the addition of increasing levels of pectin over the digestibility of crude protein and suggested that the addition of pectin initially improved the protein digestibility because it is an easily and readily available energy source for microorganisms, making them more efficient, in addition to probably promoting the growth of the microorganism population, which upon being excreted in the feces, lead to underestimation of the digestibility of the protein in the diet, thereby reducing the ADCCP. Another factor that may have influenced this result was the variation in the percentages of the ingredients in the diet because, with the inclusion of citrus pulp in the diet, the percentages of corn and wheat bran were reduced, and these ingredients are greater sources of protein [15] .
With the increase in the inclusion levels of citrus pulp, the amount of non-fibrous carbohydrates was maintained, as well as that of crude fiber and NDF, as already discussed; however, there was an increase in the soluble fraction of carbohydrates ( Table 2) , which may have influenced the effect (p < 0.05) observed for the inclusion of citrus pulp over the digestibility of soluble carbohydrates (Figure 1) .
No effect was observed (p > 0.05) of the inclusion levels of citrus pulp on the digestibility coefficients of the nutrients and the carbohydrate fractions ( Table 3) . The apparent digestibility coefficients of the NDF (ADCNDF) displayed values similar to those cited in the literature (44.2% to 58.8%); however, the ADCADF values were greater than those observed [16] .
The ADCNDF values in the present study were greater than those observed by [7] (38.1% to 39.9%) and [17] (43%), lower than those observed by [14] (57.71%), and similar to those observed by [5] (49.6%) for alfalfa, and coast-cross hay. Meanwhile, the ADCADF values were similar to those observed by [15] (47.79%), lower than those observed by [13] [16] (53% to 55.8%; 72% to 82%), and greater than those observed by [7] (33% to 35%). For the ADC of hemicellulose, the observed values were greater than those observed by [17] (ADCHC 56.8%) and [15] (ADCHC 60.29%).
The ratio between the fibrous and non-fibrous carbohydrate fractions may have also influenced the results obtained in the present study. This balance may positively influence the microbiota of the cecum and of the colon, improving the digestibility of NDF, ADF, and hydrolysable carbohydrates [18] . For this reason to be maintained, it is necessary to determine the ratio of roughage to concentrate in the diet, which is one of the factors with the greatest variation among the experiment protocols used in the literature. The present study used a roughage: concentrate ratio of 60:40, while other studies used the inverse ratio, 40:60 and 80:20 [7] [14] , which favors the disparity of the results obtained among the different studies. Horse diets containing a lower percentage of roughage in relation to the concentrate display a lower ADCDM [19] . The greater supply of concentrate increases the availability of starch and easily fermentable carbohydrates in the diet, which may negatively influence the fermentative profile of the large intestine and, with this influence, decrease the ADCDM.
The largest digestibility coefficients of NDF and ADF in diets with a 60:40 ratio and 25% NDF were observed [18] . [20] observed an improvement in the microbial activity in the caecum and colon and a tendency of the cellulose-fermenting microorganisms to work more efficiently with the inclusion of hay in the diet, which are factors that may also have contributed to obtaining large digestibility coefficients of DM, ADF, and hydrolyzable carbohydrate in the present study.
Correlations was observed between the apparent digestibility of dry matter (ADCDM) and ADCDFN (R = 0.857, p = 0 < 0.0001), between ADCDM and apparent digestibility of ADF (R = 0.789, p =< 0.0001) and between ADCNDF and ADCADF (0.7509).
No effect was observed on the apparent digestibility of crude protein (ADCCP, p = 0.8365), but ADCCP was highly correlated with ADCADF (R = 0.812, p =< 0.0001) and moderately correlated with ADCNFC (R = 0.670, p = 0.0004) ( Table 3) .
The use of a larger amount of roughage ensures the constant presence of substrate in the digestive tract, allowing for continuous action of the microorganisms, favoring the digestibility of the nutrients, mainly of the fibrous fraction of carbohydrates.
The quality of the fiber used in the diets is a noteworthy factor. The inclusion of citrus pulp at different levels in the diet provided a constant supply of crude fiber (22.42% ± 0.59%) and NDF (53.87% ± 0.37%) but with variable fiber quality from the diet (composed by the hay and the concentrate), given that the percentage of ADF in the diet increased with the increase of the inclusion of citrus pulp (for the levels of 21% and 28%), as well as the soluble carbohydrates, the percentage of hemicellulose decreased. Considering that hemicellulose is a collection of amorphous polysaccharides with a degree of polymerization lower than that of cellulose and that the bacteria that degrade it belong to the same group of cellulolytic bacteria also capable of degrading pectin [21] , this increase may have favored obtaining higher levels of ADC for DM, ADF, and HC. In addition to promoting the activity of the above bacteria, pectin possibly increased water retention capacity [22] [23] and, with this increased viscosity, increasing the transit time and the possibility of digestion of the fibrous fraction of the diets. In addition, increased pectin content in the diet may have helped maintain the pH in the large intestine (buffering action) by promoting the fibrous fraction and its capacity for cation exchange and bonding with metal ions [11] , which would contribute to the maintenance of microorganism populations, as the cellulolytic organisms are the ones most drastically affected under low pH conditions. As the fermentation of this substrate produces acetic acid [24] and not lactic acid, maintenance of the pH level may be favored. The pectin appears to provide a positive associative effect, since the inclusion results in higher digestibility coefficients [25] .
The inclusion of citrus pulp or other sources of easily-fermentable fibers (beet pulp and soybean hulls) in horse diets is a trend in contemporary nutrition [6] , as it allows for a reduction in the supply of starch and a decrease in the magnitude of the glycemic and insulinemic curves in addition to providing similar amounts of energy in a safe manner.
Observing the composition of the experimental diets of the present study, it can be noted that even with the increase in the inclusion levels of citrus pulp, the amount of non-fibrous carbohydrates was maintained, as well as that of crude fiber and NDF, as already discussed; however, there was an increase in the soluble fraction of carbohydrates ( Table 2) , which may have influenced the effect (=0.0502) observed for the inclusion of citrus pulp over the digestibility of soluble carbohydrates (Figure 1) . Such a result was not expected, given that citrus pulp supplies a large amount of pectin, which could favor digestibility [18] .
According to [26] , non-fibrous carbohydrates are comprised of starch, monosaccharides, disaccharides, oligosaccharides, fructans, β-glucans, galactans, and pectins. Considering that grass hays display low concentrations of fructans, that citrus pulp is a poor source of starch, and that the remaining components of this fraction display a beta link between monomers, it is suggested that the main energy-generating pathway is the fermentative one. A dilution of the concentration of starch in the diets was also provided, as indicated by the lower supply of corn in the diet with the increase in the inclusion of citrus pulp ( Table 2) , which may have favored the use of the fractions of NFC and soluble carbohydrates (composed of oligosaccharides, fructosans, and part starch).
With regard to the efficiency of the use of dietary fiber for horses, this aspect is correlated with three main factors: the composition of the diet, especially the carbohydrate fraction, both structural and non-structural; the fibrolytic activity of the microbial ecosystem; and the passage rate of digesta through the digestive tract, especially in the fermentation compartment, with an increase in fiber digestibility being generally associated with an increase in the digest retention time [27] .
